WORLD INTELLECTUAL PROPERTY ORGANIZATION 
Intemational Bureau 




PCX 

INTERNATIONAL APPUCATION PUBUSHED UNDER THE PATENT COOPERATION TOEATY (PCT) 



(51) International Patent Classification ^ : 
A61F 2/06, A61L 27/00 



Al 



(11) Internationa] Publication Number: 



WO 97/33533 



(43) iDtemational Publication Date: 18 September 1997 (18.09.97) 



(21) Intemational Application Number: PCT/US97/03901 

(22) IntemaUonai Filing Date: 13 March 1997 (13.03.97) 



(30) Priority Data: 
08/616.047 



14 March 1996 (14.03.96) 



US 



(71) AppUcant: MEADOX MEDICALS, INC. lUS/US]; 112 Bauer 

Drive. Oakland, NJ 07436 (US). 

(72) Inventors: LENTZ, David. J.; 23 Timber Lsnt, Randolph. 

NJ 07869 (US). POPADIUK. Nick; 21 Grouse Road. 
Hillsborough. NJ 08876 (US). SCHMITT. Petcr. 2 Bubcnko 
Drive, Gamcrvillc, NY 10923 (US). DORMIER, Edward. 
J.; 17 Lea Place. Rockaway. NJ 07886 (US). ZDRAHALA, 
Richard. J.; 39 Cobblestone Terrace. Montville. NJ 07045 
(US). 

(74) Agents: SCOLA. Daniel. A.. Jr. ct al.; Hoffnuum & Baron, 350 
Jericho TUrapike, Jericho, NY 1 1753 (US). 



(81) Designated States: AL, AM. AT, AU. AZ. BA. BB. BG, BR, 
BY. CA. CH. CN. CU. CZ, DE. DK, EE, ES. Fl. GB. GE. 
GH. HU, IL, IS. JP. KE. KG. KP, KR. KZ. LC. LK. LR. 
LS, LT, LU. LV. MD. MG. MK, MN. MW. MX. NO. NZ, 
PU PT. RO. RU. SD. SE, SG. SI. SK. TJ. TM. TR. TT. 
UA. UG, UZ. VN. YU, ARIPO patent (GH, KE, LS, MW. 
SD. SZ. UG). Eurasian patent (AM. AZ. BY. KG. KZ. MD, 
RU, TJ, TM), European patent (AT. BE, CH. DE. DK. ES. 
Fl, FR, GB, GR, IE, IT. LU. MC, NL, PT, SE), OAPI patent 
(BF, BJ. CF, CG, CI, CM, GA. GN. ML, MR. NE. SN. TD. 
TG). 



Published 

With international search report. 

Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 



(54) Title: YARN WRAPPED PTFE TUBULAR PROSTHESIS 




(57) Abstract 

rr^r .rnVrj]^^^^A ^''''^'''^^ '"^"'^ ^"^^^ ''''^^^ ^^^S^^"" P^^^y- ^"P^^or radial tensile stiengtfi. reduction in 

propagauon. and increases m suture tetenUon strength and crush resisunce. TTic graft includes an cFITE tubular s^ucture having a 

5^ ! i^ii?Ji''J^^ TV tubular structure is wrapped externally with a PTFE yam in a helical fashion, TTic helical wrap of 

^^nL^VH ^J'l^'^ "^"^^ ° u*^ ""^'^ '"^"^ application of heat or heat in combinaUon with force to fom, a comp<^tte 
trucnirc which subs^tially mamtains the porosity of the undertying tubular structure while incieasing the suluie letention stiencdi r^S 
tensile strength, crush resistance, and tear propagation resistance. rewnuon sncngui. raoiai 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify Stales pai^ to the PCT on the front pages of pamphlets publishing intemational 
applications under the PCT. 



AM 


Atroeaui 


GB 


United Kingdom 


MW 


Malawi 


AT 


Awtria 


GE 


Ceoigia 


MX 


Mexioo 


AU 


Auftnlia, 


GN 


Guinea 


NE 


Niger 


BB 


Biibfldn 


GR 


Oieeoe 


NL 


Necberiands 


BE 


Belgium 


HU 


Hungary 


NO 


Horwty 


BF 


Buikmt Ptto 


IB 


Ireland 


NZ 


New Zealand 


BG 


Bulgtria 


IT 


Italy 


PL 


Poland 


BJ 


Benin 


JP 


Japan 


PT 


Ponngal 


BR 


Bfizll 


KE 


Kenya 


RO 


Romania 


BY 


Beiinu 


KG 


KyigyaCan 


RU 


Rttsiiaa Federaiion 


CA 


Cintdt 


KP 


Democmic People's Republic 


SD 


Sudan 


CF 


Ceninl African Republic 




of Kotea 


SE 


Sweden 


CG 


Congo 


KR 


Republic of Korea 


SG 


Singapore 


CH 


SwioerUnd 


KZ 


KazaUaun 


SI 


Slovenia 


a 


CtHt d'lvoiR 


U 


Ijodtteostcin 


SK 


Slovakia 


CM 


CimenoQ 


LK 


SriUnka 


SN 


Senegal 


CN 


ChinA 


LR 


Uberia 


SZ 


Swaziland 


CS 


Czecfaoclovakia 


LT 


Lithuania 


TD 


Chad 


CZ 


Czech Republic 


LU 


Luxcmbouig 


TG 


Togo 


OE 


Genrnny 


LV 


Laivia 


TJ 


Tajikittan 


DK 


Denmaik 


MC 


Monaco 


TT 


Trinidad and Tobago 


BE 


Ectonift 


MD 


Republic of Moldova 


UA 


Ukraine 


KS 


Spain 


MG 


Madagaiear 


UG 


Uganda 


n 


FInlaid 


ML 


Mali 


US 


Untied States of America 


FR 


Fmee 


MN 


Mongolia 


UZ 


Uibekinn 


GA 


Ctboo 


MR 


Mauritania 


VN 


Vid Nam 



wo 97/93533 



PCT/US97/D3901 

YARN WRAPPED PTFE TUBULAR PROSTHESIS 



FIELD OF rmr pvfVKNTTON 

The present invention relates generally to PTFE tubular prosthesis. More 
particularly, the present invention relates to a tubular graft formed of ePTTE which 
exhibits enhanced radial tensile strength, improved suture retention strength, and a 
reduction m tear propagation by providing a helical wrapping of PTFE yam 
thereaiound. 



BACKGROUND OF THF TNVFNTTniNr 

The use of polytetrafluoroethylene (PTFE) to form tubular vascular prostheses 
is well known. PTFE is particularly suitable as an implantable prosthesis as it exhibits 
superior biocompatability. PTFE tubes may be used as vascular grafts in the 
replacement and repair of blood vessels, as PTFE exhibits low thrombogenicity. In 
vascular applications, grafts are manufactured fiom expanded polytetrafluoroethylene 
(ePTFE). as tubes formed therefiiom have a microporous structure which allows natural 
Ussue ingrowth and ceU endothelializaUon once implanted in the vascular system. Such 
structure contributes to the long term healing and patency of the graft. 

Vascular ePTFE grafts are made by a paste extrusion process wherein PTFE 
includmg a lubricant is extruded into a tubular shape. This tubular extmded product, 
known as a green tube, is then expanded. typicaUy in the axial direction, to fonn an 
ePTFE mbe. Grafts fomied of ePTFE have a fibrous state defined by interspaced nodes 
intercomiected by elongate fibrils. The fibrils have a tendency to align themselves 
along the axis of expansion; that is. along the longitudinal direction of the mbe. The 
spaces between the nodes and fibrils of the ePTFE tube defme a microporous structure 
which enhances tissue ingrowth and cell endothelialization. While such microporous 
structure is beneficial to the healing characteristics of the graft, the aligmnent of the 
fibrils along the axis of the graft has a tendency to produce a graft with anisotropic 
physical properties, for example reduced burst and radial tensile strength of the graft. 
Further, such microporous stnicnire also increases the likelihood of a tear propagating 
along the length of the graft. This is especially significant during implantation, when 
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the surgeon places a suture hole in the graft, and during secondary surgical procedures 
such as thrombectomy. The hole or slit placed in the graft during such procedures may 
serve as a failure initiation zone and have a tendency to propagate a tear longitudinally 
along the graft. Finally, such a highly organized fibril structure produces reduced 
5 longitudinal suture retention strength, increasing the likelihood of suture pull out during 

implantation. 

Attempts have been made to increase the radial and suture retention strengths as 
well as to reduce the likelihood of tear propagation in ePTFE grafts. As an example, 
various techniques have been developed to change the node and fibril arrangement 

10 defining the microporous structure of the graft such that the fibrils are aligned more in a 

randomized direction with respect to the longitudinal axis of the graft. 

Manufacturing techniques, such as rotating the extrusion die components which 
form the green tube, have been employed in an effort to orient the fibrils in a non- 
longitudinal direction. In this manner, upon expansion, the resulting vascular graft 

15 exhibits more randonmess in fibril orientation. Other techniques to enhance radial 

tensile strength, improve suture retention strength, and reduce the likelihood of tear 
propagation, employ multi-layer structures in forming vascular grafts. These multi- 
layer ePTFE structiues may include sheets, tubes, or tape wraps of various oriented 
ePTFE structures which, when combined, form a composite structure wherein a more 

20 randomized distribution of fibrils exists. However, these multi-layered structures 

significantly affect the porosity of the composite graft. The porosity of the graft, 
defined by the microporous structure, is preselected such that it exhibits the desired 
combination of characteristics leading to sufficient strength and appropriate porous 
microstructure to facilitate tissue ingrowth and cell endothelialization. By changing the 

25 microporous structure using multi-layered structures, the desired porosity 

characteristics are also changed. Other multi-layered structures may include PTFE 
tubes over-wrapped with non-PTFE filaments, intended primarily to increase the 
compression resistance of the resulting composite. Such structures do not address the 
aforementioned strength issues of the ePTFE graft, and the use of dissimilar material 

30 may adversely impact the long-term structural integrity of the composite, thus affecting 

its biocompatibility. 
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It is therefore desirable to provide an eVTFE vascular graft which exhibits a 
high degree of radial tensUe strength, as weU as reduced tear propagation tendency 
while still maintaining a desired porosity. It is further desirable to provide an ePTFE 
graft which exhibits superior suture retention strength. 

SUMMARY OF THE INVRNTn^i^ 

It is an object of the present invention to provide an improved ePTFE vascular 

graft. 



It is a further object of the present invention to provide an ePTFE vascular graft 
exhibiting desired porosity while establishing enhanced radial tensile strength, tear 
resistance, and suture retention strength. 

« 

It is stUl a fiirther object of the present invention to provide a vascular graft, 
formed of an ePTFE tube having wrapped therearound a yam of PTFE which increases 
the radial tensile strength of the graft, as well as reduces the tendency of the graft to 
propagate a tear longitudinally therealong. while substantially maintaining the desired 
porosis characteristics of the ePTFE tube. 

It is yet another object of the present invention to provide an ePTFE vascular 
graft having improved compression or crush resistance. 

In the efficient attainment of these and other objectives, the present invention 
provides an implantable tubular prosthesis. The tubular prosthesis is formed by an 
expanded polytetrafluoroethylene (ePTFE) tube having a microporous structure defined 
by nodes interconnected by fibrils. At least one winding of a multifilament 
polytetrafluoroethylene (PTFE) yam is helically wrapped externally about the tube 
25 along the length thereof to form a composite structorc. The resultant composite 

structure substantially exhibits a porosity defined by the underlying ePTFE tube while 
exhibitmg a high degree of radial tensile and longitudinal suture retention strengths as 
well as a reduction in the tendency of a suture or surgical incision to propagate a tear 
therealong. 

As more particularly described by way of the preferred embodiments herein, the 
multifilament PTFE yam may be flattened such that the plural filaments of die yam are 
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in increased contact with the exterior surface of the ePTFE tube. The yam may then be 
bonded to the tube by application of heat or pressure and heat to form a composite 
structure. It is fiirther contemplated that various strength property levels may be 
established by controlling the amount of helical windings of multifilament PTFE yam 
about the exterior of the ePTFE tube. Additionally, multifilament yams may be 
wrapped in opposing directions to form a crossing pattern there over, thereby fiirther 
enhancing the beneficial attributes attained. Finally, it is contemplated that the manner 
in which the PTFE yam is bonded to the ePTFE tube may be varied to establish various 
combinations of desirable strength, handling characteristics, and porosity. 

RRIRF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a perspective showing a portion of an ePTFE tube used in 
accordance with the present invention. 

Figure 2 is a schematic representation of the microstmcture of the wall of the 

ePTFE tube of Figure 1. 

Figure 3 is a perspective showing of a portion of a PTFE yam used in 
accordance with the present invention. 

Figures 4 and 5 show successive steps vdiich may be employed in forming a 
yam- wrapped ePTFE vascular graft in accordance with the present invention. 

Figure 6 shows a further embodiment of the yam wrapped ePTFE of the present 
invention. 

Figure 7 is a scanning electron micrograph, showing a generally cross-sectional 
view of a portion of the yam wrapped ePTFE vascular graft produced in accordance 
with the present invention. 

DETAILED DP SrHTPTION OF THE PREFERRED EMBODIMENTS 

The composite prosthesis of the preferred embodiments of the present invention 
is a multi-component tubular stmcture which is particularly suited for used as an 
endoprosthesis, specifically a vascular graft. The prosthesis is fomied of extmded 
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polytetrafluoroethylene (PTFE) as PTFE exhibits superior biocorapatability. Further. 
PTFE is particularly suitable for vascular applications as it exhibits low 
thrombogenicity. Tubes formed of extruded PIPE may be expanded to form ePTFE 
tubes where the ePTFE tubes have a desired fibrous state which is dcfmed by elongated 
5 fibrils interconnecUng spaced apart nodes. Such node/fibril arrangement defines a 

microporous structure, the porosity of which is detennined by the distances between the 
nodes generally referred to as the intemodal distance (IND). In forming tubular 
vascular grafts, the porosity of the tubuhu- structure is selected so as to have desirable 
healing characteristics. A balance must be achieved between a porosity sufficient to 
1 0 peimit endothelialization and tissue ingrowth, while concurrently providing a structure 

which exhibits sufficient physical integrity, such as that measured by radial tensile and 
suture retention strengths, to successfiUly fiaiction as a vascular graft. The present 
invention provides a tubular structure which exhibits enhanced radial tensile strength, 
increased tear resistance, and superior longitudinal suture retention strength without 
significantly reducing the porosity necessary to establish long term patency of the graft. 

Referring to Figures 1 and 2 of the drawings, a tubular ePTFE structure usefiil 
as a vascular graft tube 10 is shown. Graft tube 10 includes a generally cylindrical wall 
12 having inner and outer surfiices 12a and 12b, respectively. Graft tube 1 0 defmes an 
inner lumen 14 extending longitudmally therethrough. The inner lumen permits the 
passage of blood through graft tube 10 once it is property implanted in the vascular 
system. Graft tube 10 is fonned of PTFE in apaste extrusion process. The process for 
the paste extrusion of PTFE tubes is weU known in the extrusion art. A billet of PTFE 
and lubricant is extruded in an axial direction to form a tubular green tube. Once 
extruded, the green tube is expanded to fomi ePTFE graft tube 10. The ePTFE graft 
25 tube 1 0 includes nodes 13 and fibrils 1 5 in an anangement which defines the 

microporous structure thereof 

Generally, tubes may be expanded using preselected processing parameters such 
as rates of expansions and temperature at various processing stages which develop a 
desired microporous structure. The specifically selected microporous structure of the 
resulting graft tube has predetennined porosity suitable to enhance the long term 
patency of the graft by allowing enhanced tissue ingrowth and cell endothelialization. 
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thus providing good healing characteristics. 

In a specific embodiment of the present invention, the tubular structure 1 0 may 
be formed by expanding a PTFE tube at a relatively high degree of elongation on the 
order of approximately between 200% and 1000% elongation, preferably from about 
between 300% and 400%. The green tube is expanded at a temperature between room 
temperature and preferably between about 400''F and SOO'^F. The tube is then 
preferably, but not necessarily, fully sintered after expansion. Sintering is typically 
accomplished by heating the expanded tube at a temperature between 620T and 800^F, 
preferably about 660^F and for a time between 30 seconds and 30 minutes, preferably 
about IS minutes. The resulting expanded graft tube 10 is suitable for use as an 
implantable vascular graft 

In order to achieve enhanced properties, especially properties relating to radial 
tensile strength, reduced suture hole tear propagation, increased suture retention 
strengths, and increased compression resistance, the graft tube 1 0 is wrapped with a 
PTFE yam 20 shown in Figure 3. 

Yam 20 is a nonporous PTFE multifilament yam which is of common 
conunercial variety. In the present invention, yam 20 includes approximately between 
10 and 200 individual filaments and has a denier between approximately 200 and ISOO. 
The filaments of such PTFE yams are highly oriented during their manufacture, 
resulting in a desirable stress-strain deformation behavior, and a resistance to both 
stress induced flow of the fiber at non-elevated temperatures and relaxation induced 
shrinkage up to moderate temperatures. Such yams typically possess tenacity between 
approximately 0.8 and 3.0 g/denier. 

Preferably, but not necessarily, the yam 20 may be flattened to as to spread 
apart the individual filaments 22 in a planar orientation. The flattening of the 
multifilament yam 20 is defined as splaying. Such splaying may be accomplished prior 
to wrapping yam 20 around graft tube 10, or after the wrapping of graft tube 10 with 
yam 20. The splaying of the multifilament yam 20 increases the surface contact area 
between the yam and the outer surface 12b of graft tube 10 allowing more complete 
bonding of the yam filaments to the graft tube. Such splaying also results in a lower 
yam profile above the surface of graft tube 10. 
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Refeiring to Figures 4 and 5, the wrapping of yam 20 about tube 10 may be 
described. Tube 10 is placed over a stainless steel or other suitable mandrel. The 
mandrel containing tube 10 is then rotated as yam 20 is wrapped about the external 
surface 12b of tube 10 in a helical orientation to form a composite graft tube 1 1. The 
density of the wrap, i.e., the spacmg of successive helical windings, may be varied so as 
to vary the coverage of the yam over the external surface 12b. The wrappings may be 
varied from heUcal windings which are significanUy spaced apart, thereby decreasing 
the density of coverage, to tightly spaced windings where the external surface 12b of 
tube 10 is nearly fully covered. In varying the density of the helical windings the 
balance between healing characteristics and physical strength is so varied. 

In a prefeired embodiment where the tubular structure has an internal diameter 
(ID) of about between 3 and 10mm and a wall thickness of about between 0.3mm and 
1.2mm. the density of coverage is approximately 20 wraps per inch of tube length. The 
wrapping is done in a single direction as shown in Figure 4. As described hereinabove, 
the yam 20 is splayed after wrapping, but before the yam is fixed to tube 1 0. However, 
it is contemplated that yam 20 may be splayed prior to wrapping, and then wrapped 
around tube 1 0. 

Adhesion of the yam 20 to the outer surfece 12b of tube 10 may be achieved 
through the use of heat The graft tube 10 wrapped with yam 20 as described above, 
and still maintained on the stainless steel mandrel, is placed in an oven at a temperature 
between approximately 620»F and 800»F for a time ranging from approximately 20 
seconds to 15 minutes. Most preferably, the assembly is heated at 660»F for a period of 
10 minutes. The graft is removed from the oven, cooled to ambient temperature, and 
removed from the mandrel. 

In a preferred embodiment, heat may be used in combination with foroe to 
achieve a bond between yam 20 and the outside surface I2b of tube 10. As indicated in 
Figure 5, the composite graft tube, maintained on the mandrel used for wrapping, is 
passed through a pair of opposed spaced apart heated rollers 30. Rollers 30 apply a 
preselected force from approximately 0 N/(M of contact length) to 250 N/(M of contact 
length). In addition, the rollers 30 are heated to a temperature of approximately 
between 620«F to 750»F so as to achieve a suitable bond between the yam 20 and the 
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tubular structure 10. In a preferred embodiment, the surface velocity of the rollers 30 is 
matched to the surface velocity of the graft tube to inhibit relative motion and eliminate 
torsional forces from being imparted to the graft surface during yam bonding. It is 
envisioned that various combinations of contact time, temperature, and relative 
velocities between the rotating roller surfaces and graft sur&ce may be employed to 
achieve a predetermined bond strength and resultant composite structure. After the 
entire length of the graft has been passed through rollers 30, the graft is cooled to 
ambient temperature and removed from the mandrel. 

The resulting composite graft (Figure 7) exhibits enhanced suture retention 
strength, increased radial tensile strength and resistance to tear propagation caused by a 
suture placement or incision related to secondary surgical procedures such as 
thrombectomy. Additionally, the resulting composite graft exhibits enhanced 
compression resistance allowing it to withstand higher compressive forces >^thout 
concern of lowering of blood flow rate. Such benefits are achieved without 
significantly changing the porosity of the graft, as the base tube 10 maintains its* 
node/fibril orientation defining the porosity of the graft. 

As shown in Figure 6, a ftirther embodiment of the present invention may be 
described. Tube 10 may be wrapped with a yam 20 in a maimer described above with 
respect to Figure 4. However, before application of heat or heat and force to bond the 
yam 20 to the tube 1 0. an additional yam 2 1 may be helically wrapped there over. 
Yam 21, which may be substantially similar to yam 20 or of an alternative 
denier/number of filaments, may be wrapped in a crossing pattern in a direction 
opposite to the direction of wrapping of yam 20. This crossing pattern provides ftirther 
enhancement in radial tensile strength, suture retention strength and the resistance to 
suture hole elongation, exceedmg that improvement realized by wnq)ping in a single 
direction. 

The foil . vving examples serve to provide further appreciation of the invention, 
but are not meant in any way to restrict the scope of the invention: 
RXAMPLEl: 

6mm ID PTFE extmded green tubes were prepared in accordance with standard 
PTFE paste extrusion procedures. The resultant green tubes were expanded to 375% 

8 
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elongation and fully sintered to produce cPTFE tubes having an inner diameter of 
6.02mm and a thickness of 0.72mm. A set of these tubes were yam wrapped in 
accordance with the method of the present invention at a yam coverage of 22 
wraps/inch to produce single helically wrapped samples as shown schematically in 
Figure 4. Several of these tubes were then wrapped in the opposing direction according 
to the art of the present invention to produce double helically wrapped samples as 
shown schematically in Figure 6. The resultant composite tubes were heated in an oven 
at 660»F for 12 minutes, cooled to ambient temperature, and removed from tfieir 
mandrels. The tubes of Example were tested in accoixlance with standard AAMI and 
ASTM test protocols and yielded tiie results contained m Table I. 
TABLE I: WRAP CONFIGURATION 



22 Wraps/Inch 
Non Splayed 
Double Helical 

678 

533 
0.77 

12.6 





Unwrapped 


22 Wraps/Inch 




Tube 


Non Splayed 
Single Helical 


Tear Resistance (g) 


239 


481 


Suture Retention Strength (g) 


430 


447 


Radial Tensile Strength (Kg/mm') 


0.43 


. 0.60 


Crush Resistance (g/mni2) 


10.8 


12.4 


Yam Retention Strength (g) 


NO WRAP 


6.5 



8.4 



The composite yam-wrapped stroctures result in substantially increased key 
physical property characteristics above that of Uie unwrapped ePTFE substrate tube. 
Additionally, utilization of tiie double helical yam wrap configuration shown 
schematically in Figure 6, further increases Uie physical properties. Most notably, tiie 
addition of a single helical wrap increases tiie tear resistance by 101%, radial tensile 
strengtii by 40% and crush resistance by 15%. The use of tiie double heUcal wrap 
configuration results in a 1 85% increase in tear resistance, 80% increase in suture 
retention strengtii. 80% increase in radial tensile strengtii and an uicrease in crush 
resistance of 17%. 
EXAMPr.F. ?• 
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6min ID PTFE extruded green tubes were prepared in accordance with standard 
PTFE paste extrusion procedures. The resultant green tubes were expanded to 375% 
elongation and fully sintered to produce ePTFE tubes having an inner diameter of 
6.02mm and a wall thickness of 0.72mm. A set of these tubes were yam wrapped in 
accordance with the method of the present invention at a yam coverage of 22 
wraps/inch to produce double helically wrapped samples as shown schematically in 
Figure 6. The resultant composite tubes were handled in such a manner to splay the 
yam, resulting in an increased surface contact between the yam filaments and the tube 
surface. A portion of these composite tubes were heated in an oven at 660*F for 12 
minutes. The remaining tubes were heated imder force as shown schematically in 
Figure 5 using a heated roller surface temperature of 685*F. The tubes of Example 2 
were tested in accordance with standard AAMI and ASTM test protocols and yielded 
the results contained in Table 11. 

TABLE II: YARN ADHESION METHOD (SPLAYED YARN) 





22 Wraps/Inch 
Double Helical 
Oven Heated 


22 Wraps/Inch 
Double Helical 
Heated Rollers 

* 


Tear Resistance (g) 


601 


620 


Suture Retention Strength (g) 


421 


582 


Radial Tensile Strength (Kg/mm^) 


0.70 


0.70 


Crush Resistance (g/mm2) 


11.0 


13.2 


Yam Retention Strength (g) 


9.7 


14.1 



Most notably, the use of force in combination with heat (heated rollers) to 
achieve bonding between the PTFE yam wrap and the substrate ePTFE nibe results in a 
substantial increase in yam retention strength and a significant improvement in suture 
retention strength over similar tubes employing heat without force (oven heated). 
Additionally, the overall consistency of the yam adhesion is improved through the use 
of both force and heat during bonding of the PTFE yam. 
FXAMPLE 3: 

4 mm. 6mm, and 1 0 mm ID PTFE extruded green tubes were prepared in 
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accordance with standard PTFE paste extrusion procedures. The resultant 6 and 1 0mm 
green mbes were expanded to 375% elongation and fully sintered to produce ePTFE 
tubes having an inner diameter of 5.9 mm and a wall thickness of 0.40mm and an inner 
diameter of 9.80mm and a wall thickness of 0.69mra respectively. The resultant 4inm 
green tubes were expanded to 300% elongation and fuUy sintered to produce ePTFE 
tubes having an inner diameter of 4.08mm and a wall thickness of 0.60nun. A set of 
each tube size tubes were yam wrapped in accordance with the method of the present 
Invention at a yam coverage of 22 wiaps/inch to produce double helically wrapped 
samples as shown schematically in Figure 6. The resultant composite tubes were 
handled in such a manner to splay the yam, resulting in an increased surface contact 
between the yam filaments and the tube surface. The tubes were heated under foite as 
shown schematically in Figure 5 using a heated roller surface temperature of 685»F. 
The tubes of Example 3 were tested in accordance with standard AAMI and ASTM test 
protocols and yielded the results contained in Tables III - V. 



TABLE ni: TUBE SIZE - 5.9 mm ID / 0.40 mm Wall 





Unwrapped 
Tube 


22 Wraps/Inch 
Double Helical 
Heated Rollers 


Tear Resistance (g) 


122 


456 


Suture Retention Strength (g) 


136 


391 


Radial Tensile Strength (Kg/mm^) 


0.5 


0.8 


Crush Resistance (g/mntZ) 


2.3 


5.6 



TABLE IV: TUBE SIZE - 9.8mm ID / 0.69 mm Wall 





Unwrapped 
Tube 


22 Wraps/Inch 
Double Helical 
Heated Rollers 


Tear Resistance (g) 


280 


830 


Suture Retention Strength (g) 


341 


617 


Radial Tensile Strength (Kg/mmQ 


0.6 


0.6 



II 
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Crush Resistance (gfxaml) 


1.8 


5.2 


m 

TABLE V: TUBE SIZE - 4.1inm ID / 0.60 mm Wall 




UnAwrapped 
Tube 


22 Wraps/Inch 
Double Helical 
Heated Rollers 


Tear Resistance (g) 


301 


638 


Suture Retention Strength (g) 


331 


657 


Radial Tensile Strength (Kg/mm^) 


0.6 


1.04 


Crush Resistance (g/nun2) 


18.1 


182 



As indicated by the data of Tables III, IV, and V the advantages imparted by the 
method of the current invention are shown to be generally applicable to ePTFE tubes of 
broadly varying wall thickness and diameters of interest in vascular repair. 

Various changes to the foregoing described and shown structures would now be 
evident to those skilled in the art Accordingly, the particularly disclosed scope if the 
invention is set forth in the following claims. 
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WHAT IS rr .AiKfF.nTs- 



1 . An implantable tubular prosthesis comprising an expanded 
polytetrafluoroethylene (ePTFE) tube having a microporous structure defined by nodes 
interconnected by fibrils; and 

at least one winding of a non-porous, non-elastic multifilament yam heUcally 
wrapped externally about at least a portion of said tube along the length thereof, said 
yam consisting essentially of polytetrafluoroethylene (PTFE). 

2. An implantable tubular prosthesis of claim 1 wherein said multifilament PTFE 
yam is flattened so that plural filaments of said yam arc in contact with said tube. 

3. An implantable tubular prosthesis of claim 1 wherein said yam is bonded to said 
tube. 

4. An implantable tubular prosthesis of claim 3 wherein said yam is bonded to said 
tube with heat. 

5. An implantable tubular prosthesis of claim 3 wherein said yam is bonded to said 
tube with heat and force. 

6. An implantable tubular prosthesis of claim 1 wherein said windings of said 
multifilament yam are helically wnq)ped about said tube. 

7. An implantable tubular prosthesis of claim 6 wherein at least two of said plural 
windings are wrapped about said tube in opposite helical direcUons and wherein the 
winding of one said yam overlaps the winding of the other said yam. 

8. An implantable tubular prosthesis of claim 1 wherein each of said windings of 
said yam arc spaced apart a given uniform distance. 

9. An implantable tubular prosthesis of claim 8 wherein said unifomi given 
distance is between about 0.5mm and 5mm. 

1 0. An implantable tubular prosthesis of claim 8 wherein said uniform given 
distance is about 1.2 mm. 

11. An implantable tubular prosthesis of claim 1 wherein said multifilament yam is 
between 200 and 1500 denier. 

12. An implantable tubular prosthesis of claim 1 wherein said multifilament yam is 
225 denier. 
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13. A method of forming a tubular implantable prosthesis comprising the steps of 

a) providmg an expanded polytetrafluoroethylene (ePTFE) tube; 

b) providing a non-porous, non-elastic multifilament yam consisting essentially 
of polytetrafluoroethylene ; 

5 c) helically wrapping said yam externally about said tube along the length 

thereof in a first direction; and 

d) bonding said helically wrapped yam to said tube. 
14« A method of claim 13 further including the step of flattening said multifilament 
yam to spread apart the filaments diereof prior to said helical wrapping step. 
10 IS. A method of claim 1 3 fiirther including the step of flattening said multifilament 

yam to spread apait the filaments thereof after said helical wrapping step but prior to 
heating said composite stmcture. 

1 6. A method of claim 1 3 wherein said bonding step includes heating said tube with 
said yam wrap therearound. 
15 17. A method of claim 1 3 wherein said bonding step includes applying heat and 

force to said tube with said yam wrapped therearound. 
1 8. A method of claim 1 3 further including the steps of: 
providing an additional multifilament PTFE yam; and 
helically wrapping said second PTFE yam exteriorly around said tube. 
20 1 9. A method of claim 1 8 wherein said second yam helically wrapping step 

includes: 

helically wrapping said second PTFE yam about said tube in a second direction 
opposite said first direction. 
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